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Zirconium, a constituent in several drug and
cosmetic preparations, recently has been rec-
ognized as a cause of "granuloma" formation
in man (1, 2). In certain persons intradermal
injection of zirconium salts elicits an epithelioid
cell response; these individuals are presumed to
be specifically hypersensitive to zirconium (1, 2)
because: 1) the response depends upon an ac-
quired, altered tissue reactivity; 2) it is specific
for zirconium; 3) only minute amounts are
required for evocation; 4) individuals without the
hypersensitivity do not react to small amounts
of zirconium and respond quite differently to the
very large doses required to elicit a reaction in
non-hypersensitive persons. These non-hyper-
sensitive subjects and animals treat injected
zirconium as a foreign body (3, 4); the reaction
is marked by accumulation of lymphocytes,
occasional giant cells, and many macrophages
containing coarse, intensely periodic acid-Sehiff
(PAS) reactive granules (4).
The present study focuses attention on the
epithelioid cell granuloma. Using timed biopsy
specimens, we have compared histopathologie
responses to zirconium in hypersensitive and
non-hypersensitive subjects and have demon-
strated the location of zirconium in the tissue
by means of autoradiographie technies.
Materials and Methods
Experimental sensitization to zirconium was
accomplished with difficulty. Several hundred
human subjects were exposed to intradermal
injections of 4 per cent zirconium lactate in saline
before five persons became sensitized. Hyper-
sensitivity was recognized when, 6 weeks to 6
months after exposure, healing lesions suddenly
flared up and histologically showed for the first
time accumulations of epithelioid cells. These five
subj ects were repeatedly challenged with various
zirconium salts injected intradermally in the arm
or back. Both soluble salts (sodium zirconium
lactate, zirconyl citrate) and insoluble salts
(zirconium lactate) were used. Each injection
contained 0.1 ml. of 1:100 or 1:1000 zirconium
salt and up to 0.01 uc of Zr5 in saline. Each sub-
ject received twelve to twenty-five injections.
Biopsy specimens were secured at intervals of
six hours to ten months later, fixed in 10 per cent
neutral formalin, and prepared for histologic
examination. The tissues were stained routinely
with hematoxylin and eosin and by a variety of
other histoehemieal methods.
Timed biopsy specimens from non-hypersensi-
tive subjects were obtained for comparison from
a previous study (4) or from an additional group
of ten subjects injected with 0.1 ml. of 1:100
zirconium lactate.
A suspension of zirconium lactate was tagged
by adding a Zr-Nb5 mixture in dilute acid and
dialyzing to remove any soluble zirconium or
niobium. After washing and dialysis, the radio.
actively labelled zirconium lactate was made up
to 1:100 with carrier, to give 100-150 counts/sec/
0.1 ml. This amount, calculated to deliver less
than five rads, was allowed to stay in place up to
six weeks before the area was completely exeised.*
Autoradiographs were performed by the film-
stripping technic (5) and the films developed in
20 to 77 days. The sections were stained with PAS
before filming and with hematoxylin after de-
velopment of the films. A modified technic for
staining with hematoxylin was used (6), as recom-
mended methods (5) proved unsatisfactory.
RE5ULT5
From a clinical standpoint the main distinction
between specific (epithelioid cell) and non-
specific (foreign body) responses was that weak
dilutions of zirconium (1:1000) caused visible
delayed reactions only in sensitized subjects.
With higher concentrations of insoluble zirconium
lactate, the skin responses of sensitive and non-
sensitive subjects were quite similar for the first
2 to 3 weeks. During this interval, small erythe-
matous papules appeared and persisted. After-
wards the lesions in non-hypersensitive persons
remained the same size and became less inflamed,
white, often irregularly nodular. They gradually
disappeared in six to eight months, leaving a
residual scar. In the sensitive subject the reaction
progressed; the lesion enlarged and became more
* Distribution analysis two weeks after intra-
muscular injection in rats indicated 82 per cent
remained at the site of injection.
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FIG. 1. a. H & E. 4 weeks after injection of 1:100 zirconium lactate in a non-hypersensitive person.
Note diffuse inflammation. b. PAS-diastase stain of same tissue shows that most of the cells are phago-
cytes containing intensely PAS-positive granules. Zirconium free in the tissue is also PAS-positive. c.
Higher power reveals variable size of phagocytized particles. Phagocytosis begins within a week of
injection.
inflamed, red, and tumid. Sometimes the center
became necrotic. The specific response remained
active long after the nonspecific type had healed.
Spontaneous healing of lesions in sensitive sub-
jects required at least ten to twelve months.
Some were active for more than a year.
Histologically, the initial reaction was the
same for both sensitive and nonsensitive persons
(4). Insoluble zirconium lactate elicited acute and
subacute inflammatory responses in the corium.
Within a week macrophages were present, con-
taining coarse, PAS-positive, intracytoplasmic
granules (Fig. 1). As will be shown, autoradio-
graphic studies demonstrated that the granules
contain zirconium. The inflammatory response
became diffuse and chronic; so much individual
variation occurred, however, that we could not
distinguish sensitive from nonsensitive reactions
at this time. Biopsy specimens at two weeks
showed discrete and focal accumulations of
lymphocytes in sensitive subjects. These focal
collections bore no anatomical relationship to the
zirconium-containing macrophages.
By three to four weeks, the non-specific reac-
tions to 1:100 zirconium showed a marked reduc-
tion in the inflammatory exudate in most cases;
the reaction never became focal (Fig. 1). Fibro-
blasts began to proliferate. Zirconium-containing
macrophages remained diffusely distributed in
the corium. Specific hypersensitivity reactions, on
the other hand, contained dense, focal collections
of lymphocytes within which appeared clusters
of cells having an indefinite morphology (Fig. 2).
The nuclei of these cells were vesicular with
,'-
delicate-staining, dnst-like ehromatin; the cyto-
plasm was vaguely foamy. These aggregates
probably represent the earliest developing
epithelioid cells. Again, the inflammatory
response with developing epithelioid cells seemed
independent of the location of zirconium-con-
taining macrophages (Fig. 3). No transitions
between macrophages and epithelioid cells were
seen.
In biopsy specimens of non-specific lesions at
six weeks, fibrosis was well-advanced. Zirconium-
laden macrophages became less prominent.
Complete healing occurred in specimens taken
later. In contrast, the specific response at six
weeks assumed a more definitive form. Epithe-
lioid cell aggregates became distinct; considerable
amounts of reticulum were laid down; typical
cpithclioid cell granulomas appeared (Fig. 3).
The zirconium-laden macrophages seemed to be
pushed to one side by enlarging focal collections
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FIG. 2. a. H & E. 3 weeks after injection of 1:100 zirconium lactate in a sensitive subject shows be-
ginning formation of cpithelioid cell granuloma. b. H & E. High power reveals no true epithelioid cells.
Nuclei are enlarged but not characteristically elliptical; cytoplasm is vaguely foamy. These cells prob-
ably mature to become cpithelioid cells.
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Fia. 3. a. PAS-hematoxylin. Low power of hypersensitivity reaction at 6 weeks. Note focal inflamma-
tory response. Compare with Fig. 1. b. PAS-diastase. Macrophages containing PAS-positive material
are anatomically independent of the focal collections. e. PAS-hematoxylin. A collection of characteristic
epithelioid cells unrelated to PAS-positive granules.
of epithelioid cells. PAS-positive granules were
not observed in epithelioid cells. In fact, the few
PAS-positive particles seen in epithelioid cell
masses seemed to be lying free in the tissue.
In seven to nine weeks, the "granuloma"
appeared mature. The epithelioid cell masses
were distinct and the reticulum network was
well developed. By this time the lymphoeytie
cell infiltrate had usually diminished. While the
Iymphoeytie infiltrate disappeared, the "granu-
loma" retained its structure. The lesions in one
subject required eighteen months for full
resolution.
The autoradiographie studies performed in 39
instances (12 hypersensitive) established two
points. First, the PAS-positive material in
phagocytes contained zirconium (Fig. 4), but
the rapid and early increase of PAS-positive
material in the basement membrane of sweat
glands and in blood vessels, mentioned previously
(4), remained free of demonstrable zirconium.
Second, and more important, zirconium was
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FIG. 4. Autoradiographs of tissue from non-hypersensitive subjects injected with Zr95 lactate (PAS-
diastase). a. Very high power shows photographic grains concentrated in and about PAS-positive ma-
terial. Apparent spread of grains is due to y radiation and to location of the stripping film above the
tissue. b. Low power indicates PAS-positive material and zirconium occur together in tissue. c. PAS-
positive basement membrane of ecerine sweat gland does not contain zirconium. Note zirconium-con-
taining macrophages (arrows).
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Fm. 5. Autoradiographs of hypersensitivity reaction. a. PAS-diastase. Low power shows zirconium
concentrated outside granulomatous area (arrows). b. PAS-diastase. Higher power at the edge of a
granulomatous focus which characteristically contains small blood vessels. e. PAS-hematoxylin stain
of the same tissue. Background is greatly increased in zirconium-containing areas. d. Hematoxylin
stain of same tissue. Epithelioid cells in tuberculoid structure completely free of zirconium. Occasional
grains are due to background. Compare epithelioid cells (left) with endothelial cells (right).
found not to be an integral part of the epithelioid
cell granuloma (Fig. 5, 6). Positive grains were
found only occasionally in the epithelioid cell
aggregates and then only when massive accumu-
lations of zirconium had occurred. Even then it
did not nppear in epithelioid cells, but between
them.
The skin reactions to soluble salts deserve
special mention. In sensitive subjects, the reac-
tions, dose for dose, were always significantly
less intense than those produced by insoluble
salts. The early inflammatory responses were of
the same order, but phagoeytosis of PAS-positive
zirconium was diminished. More important,
perhaps, epithelioid cell granulomas never
evolved completely. Even fifteen weeks after
injection of zirconium the epithelioid cells
appeared indistinct, possibly immature. Nuclei
had not assumed the characteristic shape and the
cytoplasm remained vaguely foamy (Fig. 7).
COMMENT
The data indicate that specific hypersensitivity
reactions to zirconium evolve independently of
the foreign body response. This situation con-
trasts with the concept which certain authorita-
tive investigators accept for formation of epithe-
lioid cell granulomas in tuberculosis (7—9).
The histologic evolutioll of tubereulous grauu-
lomas is well documented (8, 10, 11). Almost
everyone agrees that tuberele bacilli are ingested
by large monoeytes, which are transformed into
epithelioid cells; these act as the nidus of tuberele
formation. Why, then, is the zirconium-con-
taining maerophage not at the center of zir-
conium-induced tubereles? Why, in fact, are
tuberele bacilli rarely found in epitbelioid cells?
Canetti (8) could locate no more than one bac-
terium per fifty epithelioid cells; even this finding
may be fortuitous. He considers the tuberele a
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FIG. 6. Autoradiographs from another hypersensitive subject. a. PAS-diastase. Low power demon-
strates location of zirconium around granuloma (arrows). b. PAS-hematoxylin. Zirconium-containing
macrophages. c. Ifematoxylin. Epithelioid cells contain no zirconium. Scattered grains are background.
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Fm. 7. a. H & E. 15 weeks after injection of 1:100 sodium zirconium lactate (soluble) in a hypersensi-
tive subject. Epithclioid cell granuloma has formed but cells appear immature.
b. H & E. Higher power. Some epithelioid cell nuclei arc seen but their cytoplasm appears curiously
foamy. Other enlarged cells do not have the characteristic appearance of epithelioid cells. c. H & E. 3
weeks after injection of 1:100 zirconium lactate (insoluble) in a hypersensitive person. Compare with
b. These enlarged cells probably evolve as classical epithelioid cells (see Figs. 3, 5, 6).
response to destruction of bacteria, but both be
(5) and Rich (7) deny that bacterial lipid (12)
or phospholipid (13, 14) is the ultimate answer to
epithelioid cell formation. Inordinately large
amounts are required to elicit an epithelioid cell
response and a true tuberculoid structure is not
seen. In addition, inoculation of small numbers of
bacteria calls forth many more epithclioid cells
than can he accounted for by bacterial phos-
pholipid alone (14).
The case for lipid as the provocator of the
cpithelioid cell response is further weakened by
our findings with zirconium. No lipid was added
to the tissue and the subcutaneous fat in most
cases was not disturbed. The tubercle is not
simply a foreign body reaction to lipid (15, 16).
Other factors, possibly humoral, must be called
into play.
In recent years the finding of epithelioid cells
in experimental lesions of hypersensitivity
(17—22) has given impetus to the concept that
hypersensitivity is a major determinant of
granuloma formation (14, 23, 24). This concurs
with the Jadassohn-Lewandowsky Law which
emphasized the immunologic mechanism as an
essential to the formation of epithelioid cells
(25). Refvem (14) conceived that the initial
epithelioid cells rcsult from phagocytosis of
r 
GRANULOMATOUS HYPERSENSITIVITY TO ZIRCONIUM 231
bacterial lipid, but subsequent cells contain
antibody, and presumably antigen, which stimu-
late production of intracellular phospholipid.
This view can be extended by hypothesizing
that epithelioid cells form in one of two major
ways: 1) by phagocytosis of foreign substances
such as tubercle bacilli (7, 8), lipids (12—16),
silicon dioxide (26), etc., and 2) as a cellular
reaction to a specific immunologic interaction.
In tuberculosis, phagocytic and reactive epithe-
lioid cells exist side by side; a distinction is
impossible. In zirconium granulomas, no transi-
tion is found between phagocyte and epithelioid
cells. The response is pure; only reactive non-
phagocytie epithelioid cells occur. The system is
ideally suited for investigation of basic
mechanisms.
The absence of zirconium in epithelioid cells sug-
gest these cells are not primarily involved in the
allergic response. The cells develop at a distance
from possible sites of antigen-antibody interac-
tion. Physically, the allergic reaction does not
act as a nidus of epithelioid cell formation. These
findings run counter to current concepts of
cellular hypersensitivity, which imply that the
reaction occurs in or on sensitized cells (27, 28).
If this is true epithelioid cells do not qualify
as sensitized cells. Perhaps "granuloma" forma-
tion is not a conventional form of delayed hyper-
sensitivity. Another possibility is that current
concepts require modification; a point favoring
this view is the failure to specifically localize
radioactively-labelled simple chemicals in the
reactions of allergic contact dermatitis (29); the
allergens disappear from afflicted tissue slightly
faster than from normal skin (29, 30). In zir-
conium granulomas the metal persists but remains
detached from the evolving reaction. In addition,
our findings of poor epithelioid cell formation with
soluble zirconium salts support the idea that a
prolonged allergic tissue reaction is required for
production of true epithelioid cells (18). The
important point is that the immunologic reaction
apparently does not occur in or on these cells.
The epithelioid cell response could be considered
a secondary phenomenon, as originally suggested
by Laporte (31).
SUMMARY
1. Using timed biopsy specimens the histo-
pathologic responses to zirconium have been
compared in hypersensitive and non-hypersensi-
tive human subjects. In addition, zirconium has
been localized in tissue by autoradiographie
means.
2. Zirconium induces a foreign body reaction in
both hypersensitive and non-hypersensitive
persons. It is characterized by a diffuse accumula-
tion of lymphocytes, occasional giant cells and
macrophages containing intensely PAS-positive
material and zirconium.
3. The unique reaction of hypersensitivity is
the appearance of epithelioid cells originating
within focal collections of lymphocytes. These
cells bear no anatomical relationship to zirco-
nium-containing maerophages. Zirconium does
not appear in epilheiioid cells.
4. These findings are discussed in terms of: 1)
how epithelioid cells form in granulomatous
hypersensitivity, and 2) where the immunologic
reaction may take place.
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